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RESINOUS BINDER CO MPOSITIONS 
This application is a continuation-in-part of 
application Serial No. 08/012,359 filed February 2, 1993. 

This invention relates to reaction products of 
furfuryl alcohol and formaldehyde and more particularly to 
5 resinous furfuryl alcohol-formaldehyde reaction products 
having advantageous properties which admirably suit them 
for use as binders for composite articles. 

Canadian patent No. 1,200,336 relates to resinous 
furan-f ormaldehyde condensation products which can be 
10 diluted with water in amounts up to about 50% by weight and 
which when cured or set are useful as binders in the manu- 
facture of composite articles such as wood particle boards, 
or to form insulation batting from glass fibers, wafer 
board, oriented fiber board, matboard, hardboard, press- 
15 board, various fiberglass articles and the like, and in the 
manufacture of low density non-molded composite articles 
such as acoustical tile and thermal insulating mats or 
boards • 

The invention disclosed in the Canadian patent 
20 referred to above was a significant contribution to the art 
in providing resinous binder compositions which can be 
diluted with up to 50% by weight water so as to facilitate 
application, such as by spray means, in manuf acturing 
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composite articles. However, resinous binder compositions 
which exhibit a significantly higher degree of compati- 
bility with water are highly desired in the art of 
manufacturing composite materials* Furthermore, recent 
5 environmental concerns have created the need for resinous 

binders which are not only highly compatible with water but 
at the same time contain very low levels of furfuryl 
alcohol and formaldehyde and which emit only very low 
levels of volatile organic compounds (VOC) at room 

10 temperature or at elevated curing temperatures. 

Accordingly, it is a principal object of the 
invention to provide resinous furfuryl alcohol-formaldehyde 
reaction products having a combination of highly desirable 
properties and which render the compositions highly advan- 

15 tageous as binders for composite articles. 

It is a further object of the invention to 
provide liquid resinous compositions comprising the 
reaction product of furfuryl alcohol and formaldehyde which 
cure rapidly to a rigid set condition at relatively low 

20 curing temperatures and which generate very low levels of 
volatile organic compounds at room temperature or during 
heat curing. 

It is a still further object of the invention to 
provide resinous heat-curable compositions comprising the 
25 reaction product of furfuryl alcohol and formaldehyde which 
compositions can be used to replace phenolic resole and 
novolak resins in applications in which such resins are 
widely used. 

It is a still further object of the invention to 
30 provide resinous heat-curable compositions comprising the 

reaction product of furfuryl alcohol and formaldehyde which 
compositions contain low levels of materials insoluble in 
water. 
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It is another object of the invention to provide 
resinous heat-curable compositions comprising the reaction 
product of furfuryl alcohol and formaldehyde having low 
levels of free furfuryl alcohol and formaldehyde and which 
5 cure rapidly to a set condition in aqueous environments. 

It is still another object of the invention to 
provide resinous heat-curable compositions comprising the 
reaction product of furfuryl alcohol and formaldehyde which 
compositions are highly compatible or dilutable with water 
10 to facilitate application as a binder, such as by spraying, 
in the manufacture of composite articles. 

Another object of the invention is to provide 
liquid resinous heat-rcurable compositions which contain 
low amounts of water-insoluble solids so as to minimize 
15 deleterious plugging of spray equipment used in application 
of the compositions as a binder for composite articles. 

The new advantageous resinous binder compositions 
of the invention are prepared by reacting furfuryl alcohol 
with an excess of formaldehyde, such excess being on the 
20 order of at least 2 moles of formaldehyde per mole of 
furfuryl alcohol. More preferably, the molar ratio of 
furfuryl alcohol to formaldehyde is in the range of at 
least about 1:2.50 to 1:3.50. The reaction is catalyzed 
with an organic acid and conducted at an elevated tempera - 
25 ture, say at a temperature of about 110° C. to 130° C. , 

and a pH of about 4.00 to 4.50. The formaldehyde can be 
employed in various forms, such as paraformaldehyde. 

Under these conditions the reaction of furfuryl 
alcohol and formaldehyde is conducted at a controlled rate 
30 for a period of say 4.0 to 9.0 hours. During the reaction 
period the reaction progress is followed by the decline in 
the free furfuryl alcohol content of the reaction mixture. 
The reaction is allowed to continue at an elevated 
temperature until the furfuryl alcohol content has been 
35 reduced to the desired level of not more than about 5% by 
weight and preferably less than 0.2% by weight of the 
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reaction mixture. When the desired low level of free 
furfuryl alcohol has been achieved, the reaction mixture is 
cooled rapidly, such as by immersing in an ice bath, to 
ro6m temperature (approximately 70° F.) to stop the 
reaction. During the cooling down period and when the 
temperature has dropped to about 70° F. or below a sample 
of the product resin is taken from the reaction mixture 
for determination of the free formaldehyde content. A 
formaldehyde scavenger such as melamine or urea or the 
10 like is then added to react with the free or unreacted 
formaldehyde in the reaction mixture. The scavenger is 
added in a molar quantity sufficient to react with the free 
formaldehyde in the reaction mixture and is added at or 
below room temperature. Typically, the mixture is then 
15 stirred for 1 to 2 hours so that the reaction of the 
scavenger with the free formaldehyde is substantially 
complete. An exotherm is observed which is indicative of 
reaction of the scavenger with the free formaldehyde. 
Preferably, the formaldehyde scavenger is added in an 
20 amount to reduce the final free formaldehyde content of the 
reaction mixture to less than about 0.5% by weight thereof. 
The resulting resin can, if a non-acidic resinous binder is 
desired, be neutralized with a base such as ammonium 
hydroxide or sodium hydroxide. Generally, curing re- 
25 activity is higher when the resin is not neutralized at the 
end of the reaction to a pH substantially higher than 4.5. 

A weak organic monomeric or polymeric car boxy lie 
acid having a pKa of not less than about 4, such as acetic, 
propionic, butyric, succinic and the like, is used as a 
30 catalyst in an amount of about 1 to 10% by weight of the 

furfuryl alcohol and an alkali such as sodium hydroxide is 
\ utilized to maintain the reaction pH in the range of about 
4.0 to 4.5. Propionic acid is a preferred acid catalyst. 
The resinous binder compositions of this 
35 invention are characterized by exhibiting very high 

compatibility with water and when diluted with an excess 
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amount of water 90% or more, preferably at least 95%, of 
the resin is soluble in the water. For example, when 5 
grams of resin is added to 95 grams of water, at least 4.5 
grams of the resin is soluble in the water. The high water 
5 compatibility of the resinous compositions is advantageous 
in that undesirable amounts of resin need not be discarded 
prior to use as a binder and greatly improved resin distri- 
bution on a composite substrate can be achieved with the 
resins having high water compatibility. 
10 As used herein, the term "Water Insolubles" means 

the amount of residue (or solids) which settles out, after 
standing at least 8 hours in water, when 5.0 grams resin is 
added to 95.0 grams deionized water. The percentage of 
water insolubles can be calculated by the formula: 

15 % Water Insolubles = Weight of Residue x 100% 

5.0 grams resin 

As used herein the term "Water Compatibility" 
means the amount of resin that is soluble, after standing 
at least 8 hours in water, when 5.0 grams of resin is added 
20 to 95.0 grams deionized water. The percentage of water 
compatibility can be calculated by the formula: 

% Water Compatibility « 

5 t 0 grants resii) - weight of regjflye x 100% 
5.0. grams resin 

As can be seen, there is an inverse relationship 
between water compatibility and water insolubles - the 
lower the amount of water insolubles, the greater the water 
compatibility. 

The following specific examples further 
illustrate the invention. 
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EXAMPLE 1 

This example illustrates the preparation of a 
preferred resinous binder composition of the invention 
using 2.75 moles of formaldehyde per mole of furfuryl 
5 alcohol, 656 pounds furfuryl alcohol (6.69 pound-moles), 
600 pounds paraformaldehyde (91-93% purity; 18.4 pound- 
moles), 2.82 pounds sodium hydroxide (50% aqueous) and 
102.1 pounds propionic acid were charged to a 350 gallon 
reactor. The reaction mixture was heated to 114-119° C. 

10 under atmospheric pressure and held 8.3 hours until the 

furfuryl alcohol content had been reduced to 0.64%. The 
product was then rapidly cooled to 27° C. and about 371 
pounds of urea solution (50% aqueous) was added which is 
one equivalent based on the 13.7% by weight of the free 

15 formaldehyde as analyzed. After urea addition the mixture 
was mixed for one hour and then filtered through a 50 
micron filter. An analysis of the product resin is given 
in Table 1. 

EXAMPLE 2 

20 This example illustrates the preparation of a 

furfuryl alcohol-formaldehyde resin according to the 
invention, with the resin being neutralized with ammonium 
hydroxide. 108 pounds furfuryl alcohol (1.10 pound-moles), 
100 pounds paraformaldehyde (91-93% purity; 3.07 pound- 

25 moles) 0.5 pound sodium hydroxide (60% aqueous) and 16.9 

pounds propionic acid were charged to a 50 gallon reactor. 
The reaction mixture was then heated to 116-125° C. under 
slight pressure and held until the furfuryl alcohol content 
had been reduced to 0.65% (this took 4 hours). The product 

30 was then cooled to 85° C and 22 pounds of urea solution 
(50% aqueous) was added which is one equivalent based on 
the estimated formaldehyde content. This was mixed for one 
hour, cooled to 30° C. and 42 pounds of ammonium hydroxide 
solution (28% aqueous) was added to neutralize to pH of 

35 7.2. An analysis of the resin is given in Table l. 
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EXAMPLE 3 

This example illustrates the present invention 
wherein a 3.5 mole ratio of formaldehyde to furfuryl 
alcohol was utilized. 686,6 grams furfuryl alcohol (7.0 
5 moles), 800.5 grams paraformaldehyde (91-93% purity; 24.5 
moles) , 3 grams sodium hydroxide pellets and 109 grams 
propionic acid were charged to a 3 liter flask. The re- 
action mixture was then heated, with stirring, to 116° C. 
and held until the furfuryl alcohol had been reduced to 
10 0.5%. The product was then rapidly cooled to room 

temperature (22° C). An analysis of this resin is given 
in Table 1. 

This example illustrates the preparation of a 
15 furfuryl alcohol-formaldehyde resin following the techni- 
ques in the prior art, such as in Canadian Patent No. 
1,200,336. In this example a high molecular ratio of 
formaldehyde to furfuryl alcohol according to the present 
invention was not employed. 991.6 grams furfuryl alcohol 
20 (10.1 moles), 412.5 grams paraformaldehyde (91-93% purity; 

12.0 moles), 40.1 grams glacial acetic acid and 144.1 grams 
water were charged to a 3 liter flask. The reaction 
mixture was then heated, with stirring, to reflux (100° C.) 
and held for approximately four hours until the viscosity 
25 reached 60 centipoise at 25° C. as measured by Brookfield 
viscometer. 

The product, at this point, was split into two 
portions. One portion (506.4 grams) resin at 60 centipoise 
viscosity was vacuum stripped up to a temperature of 140° C. 
30 at 60 millimeters of mercury vacuum. 345.9 grams product was 
obtained. An analysis of the product is given in Table 1. 

EXAMPLE 5" 

The 60 centipoise viscosity intermediate (second 
portion) from Example 4 was also advanced to lower the 
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fur fury 1 alcohol content by reacting further rather than 
vacuum stripping. Thus, 136.4 grams resin at 60 centipoise 
viscosity was refluxed an additional two hours (100° C.) to 
giVe 131.2 grams product. Analysis of this product is 
5 given in Table 1. 
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Resin compositions of the invention have been 
tested for their curing reactivity by Dynamic Mechanical 
Analysis (DMA) . 

In Dynamic Mechanical Analysis a viscoelastic 
5 material is stressed and then released. This results in a 
mechanical oscillation at a resident frequency 
characteristic of the material being tested. Some of this 
energy is dissipated (lost to heat) or damped and the 
amplitude of oscillation decreases. In the Dynamic 

10 Mechanical Analysis an amount of energy, equal to that 
dissipated, is added to each cycle to maintain constant 
amplitude. The make-up energy is a direct measure of sample 
damping. As a sample is heated through a temperature 
program, this damping is affected by the cure. The damping 

15 is constant up to when the curing starts. As the resin 

cures, the damping changes up to the point when curing is 
completed when it becomes constant again. Therefore, the 
Dynamic Mechanical Analysis gives the temperature where the 
cure starts and the temperature where cure is completed. 

20 The results of testing by Dynamic Mechanical 

Analysis are shown in Table 2. 
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The resin binder compositions of this invention 
can be diluted with water and applied in accordance with 
known manufacturing procedures and the substrate having the 
binder applied thereto subjected to heat so as to cure the 
5 binder into a rigid thermoset condition. Generally 

temperatures on. the order of 250 to 450° F. are sufficient to 
cure the resinous binders. Curing catalyst such as those 
described in a paper by Goldstein and Dreher, 11 Stable 
Purfuryl Alcohol Impregnating Solutions", Ind. Eng. Chem. , 

10 Vol.. 52, No. 1, Jan. I960, p. 58 and the like can be 

utilized to accelerate curing of the binder as is known in 
the art. Examples of such catalysts are cadmium nitrate, 
cobalt nitrate, nickel nitrate, zinc nitrate, ammonium 
nitrate, ammonium chloride, aluminum sulfate, copper 

15 sulfate,' ammonium sulfate, malic acid, citric acid, tartaric 
acid, malonic acid, maleic acid, oxalic acid, chloroacetic 
acid and salicylic acid. 

Even strong acids such as toluenesulfonic acid, 
benzenesulf onic acid, dichloroacteic acid, trichloroacetic 

20 acid, phosphoric acid, etc. can be used to cure these 
resinous binders in systems that are not heat cured. 

Those modifications and equivalents which fall 
within the spirit of the invention are to be considered a 
part thereof. 
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WHAT IS CLAIMED IS: 

1. A liquid resinous composition heat curable 
to a rigid set condition comprising the reaction product of 
furfuryl alcohol with formaldehyde in a molar ratio of at 
least 1:2 the resin being further characterized as con- 
taining not more than 10% by weight of water insoluble 
material . 



2. A liquid resinous composition according to 
10 claim 1 comprising the reaction product of furfuryl alcohol 

with formaldehyde in a molar ratio of about 1:2.75. 

3. A liquid resinous composition according to 
claim 1 comprising the reaction product of furfuryl alcohol 

15 with formaldehyde in a molar ratio of about 1:3.50. 

4. A liquid resinous composition according to 
claim l wherein the resin contains not more than about 5% 
by weight of water insoluble material* 



20 



5. A liquid resinous composition according to 
claim l wherein the resin contains not more than about 5% 
by weight of furfuryl alcohol. 



25 6* A process for producing a liquid resinous 

composition heat curable to a set condition which comprises 
reacting in the presence of a weak acid having a pKa of not 
less than about 4 at an elevated temperature furfuryl 
alcohol with formaldehyde in a molar ratio of at least 

30 about 1:2 and recovering the liquid resin reaction product. 



7. A process according to claim 6 wherein the 
molar ratio of furfuryl alcohol to formaldehyde is at least 
35 about 1:2.75. 
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8. A process according to claim 6 wherein the 
molar ratio of furfuryl alcohol to formaldehyde is at least 
about 1:3*50. 

9. A process according to claim 6 wherein prior 
5 to recovery of the reaction product, a formaldehyde 

scavenger, is introduced into the reaction mixture to react 
with free formaldehyde. 

10. A process according to claim 9 wherein the 
formaldehyde scavenger is urea. 

10 11. A process according to claim 6 wherein prior 

to recovery of the reaction product a base is introduced 
into the reaction mixture to achieve recovery of a resin of 
substantially neutral pH. 

12. A process for producing a liquid resinous 
15 composition heat curable to a set condition which consists 

essentially of mixing together furfuryl alcohol and 
formaldehyde in a molar ratio of at least 1:2, adjusting 
the initial pH of the mixture to at least about 4.0, 
reacting the mixed furfuryl alcohol and formaldehyde at an 

20 elevated temperature in the presence of a weak organic acid 
having a pKa of at least about 4 for a time sufficient to 
reduce the furfuryl alcohol content of the reaction product 
to a predetermined low level and recovering a liquid 
resinous composition containing low amounts of volatile 

25 organic compounds and not more than 10% by weight of water- 
insoluble material. 

13. A process in accordance with claim 12 
wherein the reaction is conducted for a time sufficient to 
reduce the furfuryl alcohol content of the reaction product 

30 to not more than about 5% by weight. 
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14. A process in accordance with claim 12 
wherein the reaction is conducted for a time sufficient to 
reduce the furfuryl alcohol content of the reaction product 
to not more than about 0.2% by weight. 

5 15* A process in accordance with claim 12 

wherein the molar ratio of furfuryl alcohol to formaldehyde 
is at least about 1:2.5. 

16. A process in accordance with claim 12 
wherein the molar ratio of furfuryl alcohol to formaldehyde 

10 is at least about 1:3.50. 

17. A process in accordance with claim 12 
wherein prior to recovery of the reaction product a 
formaldehyde scavenger is added to the reaction mixture to 
react with free formaldehyde. 

15 18. A process in accordance with claim 17 

wherein the formaldehyde scavenger is urea. 

19. A process in accordance with claim 12 
wherein prior to recovery of the reaction product a base is 
introduced into the reaction mixture to achieve recovery of 
20 a resin of substantially neutral pH. 



20. The process of claim 19 where the base is 
ammonium hydroxide. 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US94/00864 



I A. CLASSIFICATION OF SUBJECT MATTER 

IPC(5) :C07D 307/44 

US CL 349/497^02 
I According to Intcnalional Patent Classification (IPC) or to b oth 
1 B, FIELDS SEARCHED ~ ~ 



national classification sad IPC 



| Mininium docuroentatioo searched (classification system followed by classification symbols) 
U.S. ; 549/497,502 



I Docunientatkw searched oth^ 
NONE 



I Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS 



|C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



Y 
Y 



US, A # 2,343,972 (HARVEY) 14 MARCH 1944, see entire 
document. 

PL, A, 109,710 (STARZYNSKA ET AL.) 30 APRIL 1982, see 
entire document. 



1-20 
1-20 



[Q Further doenmcnti are listed in the continuation of Box C. | \ See patent numly 



•A" 



Spodri oactorici of cikd docm; 



cwfrf itiwn ii |nl iB,fc ,1 oo or«fttrtfc» iatmkm* fil 

•ana* ■» p w Mta ttco 4my of maker ciMm 
»<»■ 



pHodptoorifatonriadcrr/i^ibenvaiciM 



l be 



bast Ofrvioai to a pom ikBkd m tt» art 



Date of the actual completion of the imenutional search 
28 APRIL 1994 


Date of mailing of the international search report 

18 MAY 1994 


Name and mailing address of the ISA/US 
BoxPCT 

Wssnmfton, D.C. 20231 
Facsimile No. (703) 305-3230 


BAK.TWNH <yrlif*^s^ 

Telephone No. 003)308-1235 ' 



